A new species of lowland karst dwelling Cnemaspis Strauch 1887, C. grismeri sp. nov. is described from the southeastern base of the Banjaran Bintang in northern Peninsular Malaysia. It is differentiated from its congeners by a unique combination of characters including size, coloration and scalation. Cnemapis grismeri sp. nov. is most closely related to C. mcguirei, an upland species endemic to the Banjaran Bintang. This phylogeographic pattern is also seen in the upland and lowland Banjaran Bintang species of Cyrtodactylus bintangtinggi and C. bintangrendah, respectively (Grismer et al. 2012). The discovery of yet another endemic gekkonid in the poorly explored karst regions of Peninsular Malaysia underscores the necessity for concentrated collecting efforts in these unique landscapes.
Introduction
The gekkonid genus Cnemaspis Strauch 1887 currently contains 103 species from three non-monophyletic groups (Africa, South-Asia, and Southeast Asian [see Gamble et al. 2012; Uetz 2013] ). The Southeast Asian clade (sensu Grismer et al. 2010a,b,c) comprises a group of scansorial forest dwelling lizards with numerous adaptations for moving about on flat surfaces (vegetation and rocks) during low levels of illumination. In the past, this conserved morphology and behavior lead to considerable taxonomic confusion that was ultimately disentangled with a morphological review of the entire genus and a series of new, reliable diagnostic characters (Grismer et al. 2010a,b,c) . This has, in part, resulted in a rapid increase in the number of species in this genus (surpassed only by the genera Cyrtodactylus ~170 spp. and Hemidactylus ~114 spp. [Uetz 2013]) with 23 of the currently recognized 34 species having been described in the last 11 years Chan et al. 2010; Das & Grismer 2003; Grismer 2010; , 2010 Grismer & Das 2006; Grismer & Ngo 2007; Grismer et al. 2008a,b; 2010a,b,c; J. Grismer et al. 2010) . Many of these new species were discovered during expeditions into previously unexplored karst forests or karst outcroppings, resulting in the acquisition of a number of new specialized lineages with highly restrictive substrate specificity, namely limestone Grismer et al. 2008a Grismer et al. ,b, 2009 Grismer et al. , 2010a J. Grismer et al. 2010) . We report here another new lowland karst-adapted species of gecko from the limestone forests of the Lenggong Valley, Perak, in northern Peninsular Malaysia (Fig.  1) . We assign the individuals of this population to the genus Cnemaspis in that they all have the unique combination of broad, flattened heads; large, somewhat forward and upwardly directed eyes with round pupils; dorsoventrally compressed bodies; and long, widely splayed limbs bearing long, inflected digits-adaptations for climbing on flat surfaces in all planes or orientations. A molecular analysis using the mitochondrial gene NADH dehydrogenase subunit 2 (ND2) indicates they have a 7.3-11.7% sequence divergence from their closest upland relative C. mcguirei (L. Grismer et al. unpublished) . Additionally, they have a unique combination of color pattern and scale characteristics that differentiate them from all other known species of Cnemaspis. Therefore, this population is described below as a new species. 
Materials and methods
Color characters were taken from digital images of living specimens cataloged in the La Sierra University Digital Photo Collection (LSUDPC) and in some cases, from living specimens. The following measurements on the type series were taken with Mitutoyo dial calipers to the nearest 0.1 mm under a Nikon SMZ 1500 dissecting microscope on the left side of the body where appropriate: snout-vent length (SVL), taken from the tip of snout to the vent; tail length (TL), taken from the vent to the tip of the tail, original or regenerated; tail width (TW), taken at the base of the tail immediately posterior to the postcloacal swelling; forearm length (FL), taken on the dorsal surface from the posterior margin of the elbow while flexed 90º to the inflection of the flexed wrist; tibia length (TBL), taken on the ventral surface from the posterior surface of the knee while flexed 90º to the base of the heel; axilla to groin length (AG), taken from the posterior margin of the forelimb at its insertion point on the body to the anterior margin of the hind limb at its insertion point on the body; head length (HL), the distance from the posterior margin of the retroarticular process of the lower jaw to the tip of the snout; head width (HW), measured at the angle of the jaws; head depth (HD), the maximum height of head from the occiput to the throat; eye diameter (ED), the greatest horizontal diameter of the eye-ball; eye to ear distance (EE), measured from the anterior edge of the ear opening to the posterior edge of the eye-ball; eye to snout distance (ES), measured from anteriormost margin of the eye-ball to the tip of snout; eye to nostril distance (EN), measured from the anterior margin of the eye-ball to the posterior margin of the external nares; inner orbital distance (IO), measured between the anterior edges of the orbit; ear length (EL), the greatest horizontal distance of the ear opening; and internarial distance (IN), measured between the nares across the rostrum. Additional character states evaluated were numbers of supralabial and infralabial scales counted from below the middle of the orbit to the rostral and mental scales, respectively; size and number of postmental scales contacting the mental; the texture of the scales on the anterior margin of the forearm; the number of paravertebral tubercles between limb insertions counted in a straight line immediately left of the vertebral column (where applicable); the presence or absence of a row of enlarged, widely spaced, tubercles along the ventrolateral edge of the body between the limb insertions; the number of subdigital lamellae beneath the fourth toe counted from the base of the first phalanx to the claw; the total number of precloacal pores, their orientation, shape, and degree of separation; the degree and arrangement of body and tail tuberculation; the relative size and morphology of the subcaudal scales, subtibial scales, and submetatarsal scales beneath the first metatarsal; and the number of precloacal tubercles on each side of the tail base. Longitudinal rows of caudal tubercles on the nonregenerated portion of the tail are quite variable between species and useful in differentiating several taxa. Up to five pairs of the following rows may be present in varying combinations: paravertebral row -the dorsal row adjacent to the middorsal, caudal furrow; dorsolateral row -the row between the paravertebral row and the lateral, caudal furrow on the dorsolateral margin of the tail; lateral row -the row immediately below the lateral, caudal furrow; and ventrolateral row -the row below the lateral row on the ventrolateral margin of the tail. When present, this row is usually restricted to the anterior 25% (or less) of the tail. Rarely there may be a row of tubercles within the lateral, caudal furrow. Various color pattern characteristics were also evaluated (see description). Some meristic data were statistically analyzed using a one-tailed t-test with a 0.95 confidence limit on Excel 14.1.3 to test for significant differences between population means.
A 1335 aligned base pair fragment of the mitochondrial gene NADH dehydrogenase subunit 2 (ND2) and its flanking t-RNAs (t-RNA-Trp, t-RNA-Ala, t-RNA-Asn, and t-RNA-Cys) was amplified using the following primers L4437b 5'-AAGCAGTTGGGCCCATACC-3' and L5002 5'-AACCAAACCCAACTACGAAAAAT-3' (Macey & Schulte 1999) and sequenced for nearly all species of Cnemaspis (see L. Grismer et al. unpublished) . Uncorrected pairwise sequence divergences were calculated in PAUP* v4.0 (Swofford 2002) for the undescribed species (five specimens: LSUHC 9730, 9732, 9733, and its sister taxon (three specimens: LSUHC 8853-8855).
Specimens examined are listed in the appendix. Institutional abbreviations follow Leviton et al. (1985) , except we retain ZRC (Zoological Reference Collection, Raffles Museum) for USDZ, following conventional usage. DWNP refers to the Department of Wildlife and National Parks Collection, Krau, Pahang, Peninsular Malaysia; LSUHC refers to the La Sierra University Herpetological Collection, La Sierra University, Riverside, California, USA; HC refers to the Herpetological Collection of the Universiti Kebangsaan Malaysia, Bangi, Selangor; THNHM refers to the Thailand Natural History Museum, National Science Museum, Khlong Luang, Pathum Thani, Bangkok; CUMZ refers to the Chulalongkorn University Museum of Zoology, Bangkok, Thailand; PSUZC phalanx immediately following inflection granular, lamellae of distal phalanges wide; interdigital webbing weak; fingers increase in length from first to fourth with fourth and fifth equal in length; hind limbs slightly longer and thicker than forelimbs; dorsal scales of thigh keeled, raised, juxtaposed; scales of anterior margin of thigh keeled; ventral scales of thigh keeled; subtibial scales keeled, flat, imbricate, with no enlarged anterior row; plantar scales smooth, juxtaposed, raised; no enlarged submetatarsal scales beneath first metatarsal; digits elongate with an inflected jointed; claws recurved; subdigital lamellae unnotched; lamellae beneath first phalanges granular proximally, widened distally; lamellae beneath phalanx immediately following inflection granular, lamellae of distal phalanges wide; interdigital webbing present; toes increase in length from first to fourth with fourth and fifth equal in length; 29 subdigital lamellae on fourth toe; caudal scales arranged in segmented whorls; caudal scales raised, keeled, juxtaposed anteriorly; shallow middorsal furrow; deeper, single lateral furrow; no enlarged, median subcaudal scales; subcaudals keeled; no median row of enlarged keeled subcaudal scales; transverse tubercle rows do not encircle tail; caudal tubercles present in lateral furrow; three enlarged postcloacal tubercles on lateral surface of hemipenal swellings at base of tail; tail 1.45% of SVL. 
Coloration (in life)
. Dorsal ground color grey to brown; head and body overlain with irregularly shaped, small, dark and yellowish flecks giving an overall mossy appearance; cream to yellowish markings on top of head; thin dark postorbital stripe extending onto nape; paired, elongate, medial, yellowish markings on nape followed by small, indistinct, black shoulder patches enclosing two yellow ocelli; ocellus dorsal to forelimb insertion distinct and another anterior to forelimb insertion very weak; shoulder patch edged posteriorly by wide, postscapular band that is yellow laterally and white medially; irregularly shaped, offset, paravertebral, yellowish markings on dorsum extend to base of tail; distinct, transversely elongate, yellow bars on flanks; diffuse brown and dull yellow bands encircle tail anteriorly; posterior portion of tail with dark brown and off-white bands ; irregularly shaped yellowish to dull white markings on limbs; dark and light diffuse bands encircling digits; ventral surfaces of head, body, and limbs dull beige, immaculate, darkening laterally; subcaudal region suffused with pigment, not immaculate. Fig. 2,3) . The overall general color pattern of the paratypes closely approaches that of the holotype. The postscapular band in the paratype LSUHC 9972 is offset. The light dorsal markings in ZRC 2.6990, LSUHC 9969 and 9973 appear more as transverse bands than paravertebral blotches. The black shoulder patch and postscapular bar in females is not nearly as well developed as it is in males (Fig. 3) . LSUHC 10943 is missing a tail and the tails of LSUHC 9969-70 are mostly or entirely regenerated. Meristic differences are presented in TABLE 2. During the evening, the color pattern lightens considerably (Fig. 2) . Distribution. Cnemaspis grismeri sp. nov. is known from Gua Asar at the Bukit Kepala Gajah limestone massif in Lenggong Valley, Perak (Fig. 1) . This species has also been observed at other caves, namely Gua Kijang, Gua Puteri and Gua Ngaum that are also part of the Bukit Kepala Gajah limestone massif as well as its surrounding karst walls and karst forest.
Variation (
Natural history. Cnemaspis grismeri sp. nov. is a lowland species found on the inner walls of limestone caves such as Gua Asar and Gua Kijang and near cave entrances and on the karst walls outside of caves as well as outcroppings in the lowland karst forest surrounding limestone massifs (Fig. 4) . Cnemaspis grismeri sp. nov. is diurnal but is only observed crawling about in cracks and in the shadows of the karst boulders especially in vertical crevices. The lizards are very wary and quickly retreat deeper into their refuges when approached. Their behavior is similar to that of its upland closest relative C. mcguirei that behaves the same way on granite boulders at Bukit Larut, Perak (Grismer 2011) . At night the color of C. grismeri sp. nov. lightens and lizards have been observed sleeping on the leaves of low vegetation near the karst walls and on vines and the aerial roots of fig trees (Ficus sp.) next to the limestone walls (Fig. 2 & 4) . Specimens LSUHC 10942-43 are gravid females, which indicate that breeding takes place around the month of July. Etymology. This species is named in honor of Prof. Dr. L. Lee Grismer of La Sierra University, Riverside, California, USA for his tremendous contributions to the advancement of the field of herpetology in Malaysia. Coincidentally, Cnemaspis grismeri sp. nov. is the closest relative of C. mcguirei, a species that Dr. Grismer had named in honor of his close friend and colleague Prof. Dr. Jimmy A. McGuire of the University of California Berkeley, USA.
Comparisons. Cnemaspis grismeri sp. nov. differs from all other species of Cnemaspis in numerous aspects of scalation and color pattern as summarized in TABLE 1. It is most similar to its sister species C. mcguirei (L. Grismer et al. unpublished) but differs in being smaller (maximum SVL=50.6 mm in C. grismeri sp. nov. versus SVL=65.1 mm in C. mcguirei) and having a significantly lower mean number of subdigital lamellae on the fourth toe (28.8 versus 32.5; p<0.01) . Additionally, the lower, anterior shoulder spot is less prominent and the lateral baring is generally more distinct (Figs. 2 & 3) . Cnemapsis grismeri sp. nov. is the sister species of C. mcguirei who are separated by a 7.3-11.7% sequence divergence in the mitochondrial gene ND2.
Discussion
Grismer (2011) included Cnemaspis grismeri sp. nov. as part of C. mcguirei but noted that the trenchant differences in body size and substrate preference (karst for C. grismeri sp. nov. and granite for C. mcguirei) might indicate that these are related but distinct lineages. Preliminary genetic work on the entire genus Cnemaspis (Grismer et al. unpublished) utilizing the mitochondrial ND2 gene demonstrated that they are sister species, but have a sequence divergence from one another of 7.3-11.7% which is also observed between other sister species groups. Additional differences in color pattern and scalation support the hypothesis that these populations are separate species (TABLE 1) . A phylogeographic pattern of upland and lowland sister species within the Banjaran Bintang is beginning to emerge. Grismer et al. (2012) reported the same pattern for the upland Cyrtodactylus bintangtinggi (Grismer, Wood, Quah, Anuar, Muin, Sumontha, Ahmad, Bauer, Wnagkulangkul, Grismer, Pauwels) and the lowland Cyrtodactylus bintangrendah (Grismer, Wood, Quah, Anuar, Muin, Sumontha, Ahmad, Bauer, Wnagkulangkul, Grismer, Pauwels)-species that are syntopic with C. mcguirei and C. grismeri sp. nov., respectively.
The karst regions of Peninsular Malaysia are proving to be warehouses of species diversity and endemism, especially with respect to gekkonids (Grismer 2011; Grismer et al. 2008a,b; , 2010a ,c, 2012 J. Grismer et al. 2010) . The discovery of yet another endemic gekkonid in these poorly explored areas underscores the need for concentrated collecting efforts in these unique landscapes. Based on the latest assessment of the distribution of karst in Peninsular Malaysia (Price 2005 ) we estimate we have only explored 5% of what is available. Additional field work in these unexplored karst formations is needed to help better understand the herpetofaunal diversity in Peninsular Malaysia.
